Wearable Energy harvester offers clean and continuous power for wearable sensors or devices, which can play an important role in the health monitoring, motion track and so on. In this study, we investigated a small electromagnetic resonance wearable kinetic energy harvester. A permanent magnet (PM) which was tied with two springs is forming a 3-degree-of-freedom (3-DoF) vibrator and is put in a box. Ferrofluid was adopted which is adsorbed at the pole of PM and makes the PM away from the surface of the box which decreased the friction significantly. Coils are placed on the outside surface and the electric energy is generated when the PM is vibration. It can be used to harvest kinetic energy of human and offer continuous power. The effect of ferrofluid was simulated and analyzed which indicated that the ferrofluid can keep the PM contactless even under 10 times gravity acceleration. A prototype was developed and tested under different loading conditions. Resistance load experiments results indicated that the proposed harvester can generate 0.75mW average power when walking and 1.4mW when running. An energy storage circuit which can transfer the generated alternating power to 5V direct current was developed to store the electrical power into capacitor. Energy storage experiments results indicated that the average storage power when walking and running are 20.8µW and 35.2µW, respectively . The developed harvester can be placed on the shoe and used to offer continuous Please refer to any applicable publisher terms of use.
powering future wearable devices.
23
The harvesting energy from human motion has attracted increasing atten- ties, a new 3-Dof resonant kinetic energy harvester is proposed in this paper.
46
This harvester places a PM in a rectangle box which connects to two bor- results indicated that the average energy harvesting capability is over 30µW.
59
The results demonstrate that the harvester can be integrated with shoe and 60 serves as a wearable power supply for low power wearable devices. 
Harvester Design

79
The proposed 3-DoF human body motion energy harvester is shown in The friction force is also a big challenge for improving efficiency of this 93 type of small electro-magnetic energy harvester.
94
Ferrofluids are suspensions of small ferromagnetic particles in a base fluid.
95
It is a fluid which can be attracted by magnetic field, thus it can offer some angle of PM is denoted as θ.
111
(x, y)
The anchor positions can be calculated by:
The length of the spring can be calculated by:
where l is the initial length of spring when the PM in the balance position.
115
The spring tension force equals to:
where K s is the stiffness of the spring, l 0 is the unextended length of spring.
117
The force on the X-direction equals:
118
The force on the Y -direction equals:
The torque on the PM equals:
The most important parameter of the proposed harvester is the resonant the proposed 3-Dof inertia harvester, e.g., can be defined as
In a similar way, sthe stiffness in the Y direction and rotational direction
and
These equations above indicate that the stiffnesses are function of K s ,
134
(x, y), a, l, and l 0 . Therefore, the stiffness can be adjusted by selecting
135
properly parameter to obtain desired values. Especially the l 0 influence sig-
136
nificantly to the stiffness.
137
Based on the definition of three stiffnesses, the resonant frequency in is bigger than l 0 , the resonant frequency is decided by two strings, and if
153
the length of the string is shorter than the l 0 , which means one string is 154 totally loose, the resonant frequency is decided by one string. Therefore, the 155 resonant frequency changes rapidly when one string is loose.
156
The rotation angle of PM (θ) also influence the resonant frequency. Let- 
Simulation of ferro-fluid effect
162
The friction is a big challenge for a small inertia energy harvester. The 
with the Langevin parameter 
where M d is the domain magnetization, which is the saturation magnetiza- 
192
It is also can be seen that the initial relative permeability is about 3.7 and it
193
is close to 1 when B is over 0.1T . Therefore, it is reasonable to assume the 194 entire fluid is always fully saturated since the H of PM is much bigger than 195 30kA/m.
196
Using an energy balance, article [32] showed that the pressure outside and inside of a stationary ferrofluid is given by:
where the 1st term on the right-hand side is the hydrostatic pressure by the 199 gravity, the 2nd term is the magnetically induced pressure and the 3rd term be presented as:
The Eq.17 shows that for a constant P 0 at the interface, the fluid should have 204 H = H 0 . So, the ferro-fluid in a uniform pressure will align with the isometric 205 of magnetic field strength (iso-H) lines and preferring higher gradients of H.
206
Therefore, ferro-fluid will concentrate at the edges, as the Fig. 8 shows. Because the profile in direction x is approximately constant. So the push-216 ing away force per meter can be calculated by
x y z P 0 ,H 0 P(x,y,z),H(x,y,z)
PM iso-H Line
The total push away force is thus
where L = 4(a + b) is the length of the ferrofluid align the edge.
219
The actual shape of the ferrofluid is difficult to modeling and it deforms 
Experiments
Prototype and test rig 246
The prototype of proposed generator is shown in Fig. 12 . The size of the 247 moving PM is 10 × 15 × 10mm, and its mass is 15g. The PM is put in a 
Resonant frequency test
268
The resonant frequency of the generator is tested by an impulse motion of can be because the stiffness is varying under different extension condition.
283
In the X-direction test, the PM move farther than Y -direction test due to 
Resistance load test
291
A resistance load test is carried to measure how much electrical energy 
Energy storage test
304
The energy storage test which using the energy harvest circuit to change 
Conclusions
321
The design, modeling, fabrication, and characterization of a human wear- 
